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(WNINE AND FELINE IMMUNOREGIJLA TORY PROTEINS, NUCLEIC ACID 
MOLECULES, AND USES THEREOF 

(^ROSS-REFERENCE TO RELATED APPLICATIONS 
rhis application claims priority to prior pending U.S. Serial No. 09/322,409. 
enihlcd -CANINE AND FELINE IMMU1NOREGIT.ATORY PROTEINS, NUCLEIC 
AC\D MOLECULES. AND USES THEREOF\ which is incorporated herein by 
relerence in its entirety. 

FIELD OF THE INVENTION 
The present invention relates to canine interleukin-5 nucleic acid niolecules. 
proteins encoded by such nucleic acid molecules, antibodies raised against such proteins 
and/or inhibitors of such proteins or nucleic acid molecules. The present invention also 
includes therapeutic compositions comprising such nucleic acid molecules, proteins, 
antibodies and/or inhibitors, as well as their use to regulate an immune response in an 
animal. 

BACKGROUND OF THE INVENTION 
Regulating immune responses m animals is important in disease management. 

Immune responses can be regulated by moditying the acln iu ai imnuinorcgulalor\ 

molecules and immune cells. 

Several immunoregulatory molecules have been found in humans and other 

mammal species, hiterleukin-4. produced by activated type 2 helper cells (T[,2 cells), has 

a number of iunclions. 1 licsc junctions include [^romolion t>f nai\e V cells and B cells to 
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iiiobili/atioii of hcmalopoclic precursor cell stiiiuilaliiig activity. rD4() is a type 1 
iransiueinbrane protein expressed on antigen presenting cells, such as B lymphocytes, and 
otiier types of cells sucli as endothelial cells, epithelial cells, and fibroblasts. CD4{) 
ligand (also known as CD 154) is a type II transmembrane protein that is preferentially 
5 expressed on aclixated T lymphocytes. The CD4()-C'DLS4 interaction regulates diverse 

pathways of the immune system, including B cell proliferation, immunoglobulin 
pn)duction and class switching by B cells, activation and clonal expansion of T cells, 
activitv of antigen presentmg cells, growth and differentiation of epithelial cells, and 
regulation of inflammatory responses at mucosal and cutaneous sites. Interleukin-5 is 

10 produced by activated type 2 helper cells (7^2), mast cells, and eosinophils. Its main 

functions include promotion of growth and differentiation of eosinophils and generation 
of cytotoxic T cells from thymocytes. Interleukm- 1 3 is produced by T^l and T,,2 cells, 
and promotes growth and differentiation of B cells, up-regulation of MHC class II and 
rD23 expression on monocytes/macrophages and B cells; and inhibition of production of 

15 inflammatory cytokines such as IL-hx. IL-ip. IL-6. IL-8, IL-IO, IL-12. among others. 

Interferon alpha is an antiviral protem that has three major functions: it inhibits viral 
replication b\ actuating celluhn genes that desti"oy mRNA and inhibit protein translation, 
il induces Ml IC class 1 c\|^ressioii in iion \ ii'all\ -intccled cells, nicreasmg resistance to 
NK cells, and can activate NK cells. (iM-CSF, (granulocyte-macrophage colony- 

20 stimulating factor) stimulates the production of granulocytes and macrophages. 

Piior imcstigators ha\c disclosed sec|uenccs encoding feline II. -4 (Lcinercl al.. 
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(Scow. H.-F.. ct al., (.V/^(^ vol. 124. pp. 291-293. 1993): human lL-4 ( Yokota. T., ct 
al., Pnn-. Natl. Acad. Sri. U.S.A.. vol. S3( 16), pp. 3S94-589S, 1986); and murine IL-4 
(Sidcras. P.. el al.. Adv. Exp. Med. Biol., vol. 213, pp. 227-236, 1987). Prior investigators 
have disclosed sequences encoding murine Fll-3 ligand (McC4anahan et al., Genbank 
^ Accession No. U44()24): and human fdt-3 ligand (Lyman el al.. Blood, vol. 83, pp. 2795- 

2801. 1994). Prior mvesligators have disclosed sequences encoding human CD4() 
(Stamenkovic et al., EMBO /, vol. 8: 14()3-141(). 1989, GenBank Accession No. 
(X6()592). bovine rD4() (Hiranoet al.. Iwwimoloyx. vol. 90. nn 794-3(K), 1997, 
GenBank Accession No. U57745), and murine CD40 (Grimaldi et al., 7. Inwumoi. vol. 

10 143, pp.3921-3926. 1992; Torres and Clark. J. Immunol., vol. 148, pp. 620-626. 1992, 

GenBank Accession No. M83312). Prior investigators have disclosed sequences 
encoding human CDLS4 (Graf el al.. Eur. J. Immunol., vol. 22, pp. 3191-3194. 1992; 
Hollenbaugh.et dl.. EMBO J., vol. 11:4313-4321, 1992; Gauchat et ah, f^O.V /^^r^, vol., 
315. pp. 259-266, 1993; GenBank Accession Nos L07414, X68550. Z15017, X67878, 

15 respectively); bovine GDI 54 (Mertens et al., Inuimnoi^cfielics, vol. 42, pp. 430-43 I , 

GenBank Accession No. Z48468); and murme CD I 54 (Armilage et al.. Nature, vol. 357, 
[•)p. 80-82: 1992. (ienBank Accession No. X65453). Prior ]n\ esligalors ha\e disclosed 
sequences encodmg tchne inlerleakni-5 (Padrid et al.,/\/;/. J. Vet. Res., \ o\. 59. |^p. 1263- 
1269. 1998. GenBank Accession No. A1^X)25436) and human inlerleukin-5 (Azuma el al.. 

20 Nueleie Acids Res., vol. 14. pp. 9149-9158. 1986. (ienBank Accession No. X()4688). 

Prior iM \ estiLMtoi s ha \ e tlisrloscd sLHjuences eiicochiiL' luinKiii inlerleukm - 1 ^ ( McKen/ie 

cy. - ^^ I 'J^J \ t K'lipj.iiiK A. . c^^lon Nos 1 .i )f>S( 1 1 awa XfiWO "w, i L'spccli\ cl\ ). 
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iiiuriiic inieiieukiii~13 (Brt)\vn el al.,7. Ininiuiiol., vol. 142, pp. 679-687, 19K9, CiciiBaiik 
Accession No M235i()4); and rat inlcrleukin- 1 3 (Lakkis et al., Biocheni. Biophws. Res. 
Cofunuiu., Vol. 197, pp. 612-618, 1993. CienBank Accession No. L26913). Prior 
investigators have disclosed sequences encoding feline mterteron (Nakamura, N,, Sudo, 
T.. Vlatsuda, S.. Yanai, A.. Biosci. Biotcclmol. Biocheni. { 1992)Vol: 56 pp 21 1-214, 
(icnBank accession # H()252 1 ). Prior investigators have also disclosed sec|uences 
encoding teline GM-CSF (direct submission to GenBank, Accession No. AF()53()()7) 

14iere remains a need tor compounds and methods to regulate an immu.ne 
response by manipulation of the function of canine interleukin-5. 

SUMMARY OF THE INVENTION 

1'he present invention relates to canine interleukin-5 nucleic acids, proteins 
encoded by such nucleic acid molecules, antibodies raised against such proteins and/or 
inhibitors of such proteins or nucleic acid molecules. Identification of the nucleic acid 
molecules of the present invention is unexpected because initial attempts to obtain 
nucleic acid molecules using PGR were unsuccessful. After numerous attempts, the 
inventors discovered specific primers that were useful for isolating such nucleic acid 
molecules. 

( )iic emhodimcnl of ihe iin cntion is an isolated luiclcic acid molecule compi'ising 
a nucleic acid sequence selected from the group consisting of SFQ ID NO: IS and SFQ ID 
NO: 19, and/or a hc^molog thereof, wherein said homolog has an at least 45 contiguous 
nucleotide region identical in sec|uence to a 45 contiguous nucleotide region of a nucleic 
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A second cnibodiinciii of the present invention is a nucleic acid molecule havmg a 
nucleic acid sequence that is ai least about 90 percent identical lo a nucleic acid sequence 
selected from the group consisling ofSEQ ID NO: IS and SEQ ID NO: 19. 

The present invention also includes methods lo produce any of the proteins of the 
piesent invention using nucleic acid molecules of the present invention and 
recombinantly using such nucleic acid molecules. 

One aspect of the present invention is a tlierapeutic composition that, when 
administered to an animal, regulates an immune response in said animal, said therapeutic 
composition comprising a therapeutic compound selected from the group consisting of: 
an immunoregulatory protein of the present invention: a mimetope of any of said 
immunoregulatory proteins; and a multimeric form of any of said immunoregulatory 
proteins; an isolated nucleic acid molecule of the present invention; an antibody that 
selectively binds to any of said immunoregulatory proteins; and/or an inhibitor of a 
immunoregulatory protein activity identified by its ability to inhibit the activity of any of 
said immunoregulatory proteins. Yet another aspect of the present invention is a method 
lo regulate an immune response in an animal comprising administering to ihe animal a 
Iherapeulic composition of the present iinention. 

riic present iinenlion also mcludes a method to produce an inimunoreguhitoiA 
protein, said method comprising cultunng a cell capable of expressing said pixHein, said 
protein being encoded by a nucleic acid molecule of the present invention. 

( )iic embodmient of the present iincntion is a method to idenlif\ a compound 
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inhibitory compound under conditions in which, in the absence of said compound, said 
protein has TF-I cell prohleralion activity; and determining if said putative inhibitory 
compound inhibits said actix ity. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention pro\'ides tor isokited canine inierleukin-fi proteins, isokited 
canine interleukin-5 nucleic acid molecules, antibodies directed agauist canine 
intcrleukin-5 protein, and compounds derived therefrom that regulate the innnune 
response of an animal (e.g. inhibitors, antibodies and peptides). 

Canine IL-5 can reier to canine IL-3. including homologs thereof. As used herein, 
the phiiise "regulate an immune response'' refers to modulating the activity of cells or 
molecules involved in an immune response. The term "regulate" can refer to increasing 
or decreasing an immune response. Regulation of an immune response can be 
determined using methods known in the art as well as methods disclosed herein. The 
term, ^immunorcgulatory protein" refers to a protein that can modulate the activity of 
cells or of molecules involved in an immune response. An immunoregulatory protein of 
the present invention refei;s to a canme IL-5 protein as described herein. As used herein, 
the terms isolated canme interleukin-5 nucleic acid molecules refer to canine intcrleukin- 
5 luiclcic acid molecules dci i\ cd from mammals and. as such, can be obtained trom their 
natural source, or can be j^roduced using, for example, recombinant nucleic acid 
technology or chemical syntliesis. Also included in the present invention is the use oi 
these proteins, nucleic acid molecules, antibodies, and/or compounds deri\ed tlieretrom 
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One cnibodiniciil of the present invention is an isolated protein that includes a 
eanuie niterleukin-^ protein. It is to be noted that the term ''a'' or ''an'' entitv refers to one 
or niore of that entity: for example, a proteni rettM^s to one or more proteins or at least one 
proieni. As such, the terms "a" (or "an''), "one or more'' and "at least one" can be used 
iniercliangeably herem. It is also to be noted that the terms "comprising", "includinii", 
and "having" can be used interchangeably. According to the present invention, an 
isolated, or biologically pure, protein, is a protein that has been removed from its natural 
milieu. As such, "isolated" and/or "biologically pure" do not necessarily reflect the 
extent to which the protein has been purified. An isolated protein of the present invention 
can be obtained from its natural source, can be produced using recombinant DNA 
technology, or can be produced by chemical synthesis. Nucleic acid molecules of the 
present invention of known length isolated from Ccujis tcuniliaris are denoted as follows: 
IL-3 is denoted as nCaIL-5^. for example. nCalL-^^^n,, wherein refers to the number of 
nucleotides in that molecule. Similarly, proteins of the present uivention of known 
length isolated from Cauis fcuniliahs are denoted PCaIL-5,, 

As used herein, an isolated canine interleukin-3 protein of the present invention 
can be a full-lenglli prc^tem or an\ hc^molog of such a protein. An isolated 11..-5 proteni of 
the presenl m\ enlion. niclucHng a homolog, can be idenlificd m a slraighl-forw ai tl manner 
h\ tiic protein's ability to ehcit an immune response to an lL-3 protein, bind to an IL-S 
reccpior, and/oi- stimulate eosinophils and/or cause thymocytes to produce cytotoxic F 
cells. 




version of the protein, such as a peptide), inserted, uiverted, substiluled and/or derivalized 
(e.LZ., I\\ ylyeosylation, phosphorylation, aeetylalion. niyristoyhition. prenylation, 
pahuitoylalion, aniidation and/or addition of glycerophosphatidyl inositol) such that the 
protein honioloiz includes at least one epitope capable of elicitinii an ininuine response 
against the parent pnnein, of binding to an antibody directed against the parent protein 
and/or of binding to the parent^ receptor, where the term parent refers to the longer 
and/or lull-length protein that the homolog is derived from. That is. when the honiolog is 
adnuiiistered lo an animal as an imnuinogen, using techniques known to those skilled in 
the an. the animal will produce an immune response against at least one epitope of an 
immunoregulatory protein of the present invention, depending upon which protein is 
administered to an animal. The ability of a protein to effect an immune response can be 
measured using techniques known to those skilled in the art. As used herein, the term 
'"epitope'' refers to the smallest portion of a protein capable of selectively binding to the 
antigen binding site of an antibody. It is well accepted by those skilled in the art that the 
minimal size of a protein epitope capable of selectively binding to the antigen binding site 
of an antibody is about five or six to seven amino acids. 

I lomologs of immunoregulatory proteins of the present iin ention can he the lesult 
ol natural allelic \ ai"iation. including natural iiuilalion. Prolcm homologs of the present 
iin ention can also be produced using techniques known in the art including, but not 
limited to. direct modifications to the protein and/or mcuiifications to the gene encoding 
ihc prolein using, lor example, classic or rect)mbinant DNA lechnK|ues to eftect random 
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Ininiunorcizulatory proteins of the present invention include variants of a 
tulMeniith protein of the present iin ention. Such variants include proteins that are less 
than tull-length. As used herein, \ arianls ol tiie present invention reter to nucleic acid 
molecules that are naturally-occurring as defined below, and may result from alternative 
RNA splicing, alternative termination of an amino acid sequence or DNA recombination, 
lixamples of variants include allelic variants as defined below. It is to be noted that a 
\ ariant is an example of a homolog of the present invention. 

hiimunoregulatory proteins of the present invention are encoded bv nucleic acid 
molecules of the present invention. As used herein, an lL-5 nucleic acid molecule 
includes nucleic acid sequences related to a natural lL-5 gene. As used herein, a canine 
IL-5 gene refers to the natural genomic elements that encode a canine IL-3 protein, and 
includes all regions such as regulatory regions that control production of the protein 
encoded by the gene (such as, but not limited to, transcription, translation or 
post-translation control regions) as well as the coding region itself, and any introns or 
non-translated coding regions. As used herein, a gene that ''includes" or ''comprises'' a 
sequence may include that sequence in one contiguous array, or may include the sequence 
:is Iragmented exons. As used herein, the tei'm "coding region" refers a continuous 
Inieai' arra\ of niicleolides llial iranslales into a pi'olein. A lull-length coding region is 
lhat region that is translated uito a full-length, i.e.. a complete, protein as would be 
initially translated in its natural milieu, prior to any post-translalional modifications. 

hi another embodimenl, an I1.-5 gene of the present iinention includes the nucleic 
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10 



15 



20 



Additional immunorcgulaloiy nucleic acid molecules and piolcins of the present 

invention having specific sequence identifiers arc described in Table i . 

Table 1. Seci uencc identification numbers (SEQ ID NOs) and their corrcspondinsz nucleic 
acid molecules or proteins. 



SEQ ID Nos 


DESCRIPTION 


1 


primer (ni) ATGCACTTT... 


2 


primer (n) CTGGAGGAA... 


3 


primer (o) GTGACYCTT 


4 


nCaIL-5„,„ CDS 29-430 


5 


PCaIL-5,„ 


6 


reverse complement for nCalL-S,,,,, 


7 


nCaIL-54,,2 (coding for PCaIL-5,,4) 


8 


reverse complement of nIL-54,,;; 


9 


nCaIL-5,4, (mature sequence) CDS 1-345 


10 


PCaIL-5||, (mature protein) 


1 1 


reverse complement of nCaIL-5,4^ 


12 


primer (p) GGGCTCGAG... 


13 


primer (q)CCCGCGGCC 


14 


5' AGGCAAACACTGAACATTTC3' 


15 


5 TCTCC A A A ATCTTCC ACT AC3 • 


16 


5TCAAGGGAC;GCTATAAATTC3" 


17 


5 ■ IT AT AGTC A AGGGC AT ATCC3 ' 


18 


nCAlL-5,,,,, 


19 


reverse complement of SEQ ID NO: 1 8 


20 


N-lerminal amino acid sctjuence 
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111 antntiLM- enibodiinciit. an lL-5 gene or nucleic acid molecule can be an allelic 
variant thai includes a similar but not identical sequence to SEQ ID NO: IS and SEQ ID 
NO: 19. and/or any other [L~5 nucleic acid sequence cited herein. 

An allelic variant of a canine interleukin-5, including the particular SEQ ID NO's 
-"^ cited herein, is a gene that occurs at essentially the same locus (or loci) in the genome as 

tlie gene including the particular SEQ ID NO's cited herein, but which, due to natural 
variations caused by, lor example, mutation or recombination, has a similar but not 
identical sequence. Also included in the term allelic variant are allelic variants ot'cDNAs 
derived from such genes. Because natural selection typically selects against alterations 

10 that affect function, allelic variants usually encode proteins having similar activity to that 

of the protein encoded by the gene to which they are being compared. Allelic variants of 
genes or nucleic acid molecules can also comprise alterations in the 5' or 3' untranslated 
regions of the gene (e.g.. in regulatory control regions), or can involve alternative splicing 
ol" a nascent transcript, thereby bringing alternative exons into juxtaposition. Allelic 

I 5 \ arianls are well known to ttiose skilled in the art and would be expected to be found 

within a given animal, since the respective genomes are diploid, and sexual reproduction 
w ill result m the leassortmcnt ot alleles. 

1 he minimal si/e of an canine iiitei ieukin-^ protein homolog of the i^resenl 
iiucntion is a si/e sufficient to be encoded by a nucleic acid molecule capable of fornnng 

20 a stable hybrid (i.e., hybridi/e under stringent hybridization conditions) with the 

complementaix sec|uence ol a nucleic acid molecule encoding the corresponding naiuial 
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cictlncd iiialheiiiatically. Slniiizcnt hybridization conditions arc those experimental 
paianieters tliat allow an indi\'idual skilled in the art to identify signitlcant similarities 
between heteri)loizous nucleic acid molecules. These conditions are well known to those 
skilled in the art. Sec, lor example, Sambrook, rl al.. 1989, Molecular Cloniiii^: A 
Lcihoratorx MaiiuaL Cold Spring Harbor Labs Press, and Meinkoth, ct ciL, 1984, Ancii 
Bioclic))}. /j\V, 267-284. each of which is incorporated herein by this reference. As 
explained in detail in the cited references, the determination of hybridization conditions 
iin'oK'cs the manipulation of a set of variables including the ionic strength (M, in 
moles/liter), the hybridization temperature CC), the concentration of nucleic acid helix 
destabilizing agents, such as formamide, the average length of the shortest hybrid duplex 
(n), and the percent G + C composition of the fragment to which an unknown nucleic acid 
molecule is being hybridized. For nucleic acid molecules of at least about 150 
nucleotides, these variables are inserted into a standard mathematical formula to calculate 
the melting temperature, or T,,^, of a given nucleic acid molecule. As defined in the 
formula below, T,^^ is the temperature at which two complementary nucleic acid molecule 
strands will disassociate, assuming l()()9r complementarity between the two strands: 

1,,= SI.S'C + 16.6 log M + 0.41 (^(; + V)- 50()/n - 0.6 1 ( ^/v formamide). 
l oi- nucleic acid molecules Muallcr than about 50 nucleotides, hvbrid stabilitv is defined 
by the dissociation temperature ( T^,), which is defined as the temperature at which 509r of 
the duplexes dissociate. For these smaller molecules, the stability at a standard ionic 
^tivngtli is defined b\ llie follow ing cciuation: 



A IcinperalLire offi'X' below Tj is used to delect hybridi/alioii between perfectly matched 
molecules. 

Also well known to those skilled ni the art is how base pair mismatch, i.e. 
differences between two nucleic acid molecules being compared, including non- 
ct)mplemenlarity of bases at a given location, and gaps due to insertion or deletion of one 
or more bases at a given location on either of the nucleic acid molecules being compared, 
will affect T,^^ or lor nucleic acid molecules of different sizes. For example, T,j, 
decreases about T'C for eacii 1 % of mismatched base pairs for hybrids greater than about 
1 50 bp. and T^i decreases about 5' C U)v each mismatched base pair for hybrids below 
about 30 bp. Conditions for hybrids between about 50 and about 150 base pairs can be 
determined empirically and without undue experimentation using standard laboratory 
procedures well known to those skilled in the art. These simple procedures allow one 
skilled in the art to set the hybridization conditions, by altering, for example, the salt 
concentration, the formamide concentration or the temperature, so that only nucleic acid 
hybrids with greater than a specified 9^ base pair mismatch will hybridize. Stringent 
hybridization conditions are commonly understood by those skilled in the art to be those 
experimental conditions that will allow about 30^/r base pair nnsmatch, i.e., about liVA 
idcnlilN. Because one skilled in the ail can easily determine whether a gi\en nucleic acid 
molecule to be tested is less than ov greater than about 50 nuclecmdes, and can therefore 
choose the appropriate formula for determining hybridization conditions, he or she can 
determine w hethei" the nucleic acid molecule w ill hvbridize w ilh a gnen gene or specified 
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luiclcic acid molecule will li\hridi/e under conditions designed to allow a desired amount 
ot" base pair mismatch. 

Hybridization reactions are often carried out by attaching the nucleic acid 
molecule to be hybridized to a solid support such as a membrane, and then hybridizing 
5 w nh a labeled nucleic acid molecule, typically reterred to as a probe, suspended in a 

hybridization solution. Examples of common hybridization reaction techniques include, 
but are not limited to, the well-known Southern and northern blotting procedures. 
Typically, the actual hybridization reaction is done under non-stringent conditions, i.e., at 
a lower temperature and/or a higher salt concentration, and then high stringency is 
achieved by washing the membrane in a solution with a higher temperature and/or lower 
salt concentration in order to achieve the desired stringency. 

Preferred portions, or fragments, of a canine interleukin-5 protein of the present 
invention include at least 15 amino acids, at least 20 amino acids, at least 25 amino acids, 
at least 30 amino acids, at least 35 amino acids, at least 40 amino acids, at least 45 amino 

15 acids, at least 50 amino acids, at least 60 amino acids, at least 75 amino acids or at least 

100 amino acids. An IL-5 protein of the present invention can include at least a portion 
of an IL-5 protein that is capable of binding to an lL-5 receptoi\ IL-5 receptors are know n 
lo those of skill in the art. and are described m Janeway el a!., m l/imiunohioloi^w the 
Ininuific Sxsicfu in Hccilth and Disease, Ciarland Publishing, Inc.. NY, 19*^)6 (which is 

20 incorporated herein by this ivlerence in its entirety). The lL-5 receptor-binding portion of 

an IL 5 piotein. can be delermined b\ nicubating the protein w ith an isolated lL-5 
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screening, confoeal ininuniofluorescenl nucroseopy, immunoprecipilation, gel 
chromalography, detennuialit)n of inhibition ol' binding of antibodies thai bind 
specifically lo the lL-5 binding domain of an lL-5 receptor. BLISA usnig an iL-5 receptor, 
labeled w ith a detectable tag such as an en/yine or cheniilummescent tag or yeast-2 
hybrid technology. 

The present invention also includes niinielopes of canine interleukin-5 proteins of 
the present invention. As used herein, a iiiimetope of an immunoreguhitory protein of the 
present invention refers lo any compound that is able to mimic the activilv of such a 
canine interleukin-5 protein, often because the mimetope has a structure thai mimics the 
particular pi-otein. Mimetopes can be. bul are not limited to: peptides that have been 
modified lo decrease their susceptibility to degradation such as all-D retro peptides; 
anti-idiotypic and/or catalytic antibodies, or fragments thereof: non-proteinaceous 
mimunogenic portions of an isolated protein (e.g., carbohydrate structures): and/or 
synthetic or natural organic nK)lecules, including nucleic acids. Such mimetopes can be 
designed using computer-generated structures of proteins of the present invention. 
Mimetopes can also be obtained by generating random samples of molecules, such as 
oligonucleolides, peplides or other organic molecules, and scieening such samples b\ 
affniUN chronuUograpliN tcchnR|ues using the coriesponchng bnuhng pailner. 

One embodiment of an nnmunoregulalory protem of tlie present invention is a 
fusion protein thai includes a canine interleukin-5 prolein-conlaining domain, attached lo 
one or moiv fusion segments. Suitable fusion segments for use w ith the present iinention 





protein of the present invention: cnlKincc a proteins stability; act as an iiiinuinopotentiator 
to enhanee an ininuine response against an canine inlerleukin-5 protein: and/or assist in 
purification of a canine interleukin-3 protein (e.g.. by affinity chromatography). A 
suitable fusion segment can be a domain of any si/c that has the desired function (e.g.. 
imparts increased stability, imparts increased immunogenicily to a protein, and/or 
simplifies purification of a protein). Fusion segments can be joined to amino and/or 
carboxyl termini of the IL-3-containing domain of a protein and can be susceptible to 
cleavage in order to enable straight-forward recovery of either canine intcrleukin-5 
protein. Fusion proteins are preferably produced by culturing a recombinant cell 
iranstormed with a fusion nucleic acid molecule that encodes a protein including the 
fusion segment attached to either the carboxyl and/or amino terminal end of a canine 
interleukin-3- containing domain. F^referred fusion segments include a metal binding 
domain (e.g.. a poly-histidine segment): an immunoglobulin binding domain (e.g.. Protein 
A: Protein CI: T cell: B cell: Fc receptor or complement protein antibody-binding 
domains): a sugar binding domain (e.g., a maltose binding domain): and/or a "tag^^ 
domain (e.g., at least a portion of -galactosidase, a strep tag peptide, a T7 tag peptide, a 
['lag ' ^' peptide, or olliei- domains that can be purified using comp(HUids that bind to the 
doinam, sucli as monocUMial antilxuhes). Wove pi-efei'ivd fusion segments inchide metal 
landing domains, sucli as a polydiistidine segment: a maltose binding domain: a strep tag 
peptide, such as that a\ailable from Hiometra in I^impa. FL: and an SIO peptide. 

A suitable fusion segment lhal hnks one IL-."^ protein to another protein, and 
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suitable linker is dependent upon how many proteins are to be bnked to torm one 
nuiltinierie molecule, and from where on either the canine interleukm-3 molecule the 
linker extends. Preferably, a hnker fusion segment of the present mvention comprises a 
peptide of trom about 6 aniino acid residues to about 40 residues, more preferably from 
about 6 residues to about 30 residues in length. 

In another embochment, an canine interleukin-5 protein of the present invention 
also includes at least one additional protein segment that is capable of targeting canine 
inlerleukin-5 protein, to a desired cell or receptive molecule. Such a multivalent tarizctin^ 
protein can be produced by culturing a cell transformed with a nucleic acid molecule 
comprising two or more nucleic acid domains joined together in such a manner that the 
resulting nucleic acid molecule is expressed as a multivalent targeting protein containing 
a canine interleukin-5 protein or portion thereof and/or at least one targeting compound 
capable of delivering the canine interleukin-5 protein to a desired site in an animal. 

Examples of multivalent targeting proteins include, but are not limited to, a canine 
interleukin-3 protein of the present invention attached to one or more compounds that can 
bind to a receptive molecule on the surface of a cell located in an area of an animal where 
ivgulation of an immune response is desired. One of skill in the art can select appropriate 
largeliiig lusion segments depending upon ihc cell or ivcepti\c molecule being targeted. 

.Another example ot a mulli\ alent protein of the present inventic^n includes, but is 
iu)t limited to. a canine interleukin-5 protein of the present invention attached to one or 
more pn)teins that arc potentiall\ antigenic in mammals. Thus, mniiunogenicilv of the 
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A iialurally-occLirring variaiil of a canine mleiieukin-5 prolcMn of the present 
inxenlion is preferably isolated from (inclucUniz isolation of the natural proteni or 
production of the protein by recombinant or synthetic techniques) from mammals, 
including but not limited to dogs (i.e., canids), cats (i.e., felids), horses (i.e., equids), 
humans, cattle, chinchillas, ferrets, goats, mice, minks, rabbits, raccoons, rats, sheep, 
squirrels, swine, chickens, ostriches, quail and/or turkeys as well as other turry animafs, 
l^ets, /oo animals, work animals and/or food animals. Particularly preferred animals from 
w liich to isolate canine interleukin-5 proteins are dogs, cats, horses and/or humans. 

A preferred isolated protein of the present invention is an isolated protein that is 
encoded by a nucleic acid molecule the having nucleic acid sequence SEQ ID NO: 18 and 
SEQ ID NO: 19, and/or an allelic variant of such a nucleic acid molecule. 

Translation of SEQ ID NO:4, the coding strand for nCaIL-5^,i,>, yields a protein of 
about 134 amino acids, denoted herein as PCalL-.S^, the amino acid sequence of which 
IS presented in SEQ ID NO:5, assuming an open reading frame having an initiation eodon 
spanning from nucleotide 29 through nucleotide 3 1 of SEQ ID NO:4, and a stop codon 
spanning from nucleotide 43 I through nucleotide 433 of SEQ ID NO:4. 

Prelci ivd \L-5 pi-oteins ot the present un ention includes proteins that are at least 
abtHil SSS identical. e\en moiv prefeiabl\ al least about 9()^ . and e\ en more pretcrablx 
at least about 93Vf identical to P(\ilL-5|;j. PC^dL-.S,,, and/or fragments thereof. 

More [^referred are IL-3 proteins comprising PCaIL-5,;,. PCaIL-ri|,, and/or 
proteins encoded by allelic \ ariaiUs of a nucleic acid molecule cncodim: one ol the 
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PrLMcrrcd IL-S pixneiiis ofttic present iinention includes proteins that are at least 
about identical, e\en more preferably at least about 907^. and even more prelerably 
at least about 959r identical to SIiQ ID N():3. SEQ ID NO: 10 and/or fraizments thereof. 

More preferred are \L-5 proteins comprising SHQ ID NO:3, SEQ ID NO: 10 
:^ and/or pi'oteins encoded by allelic \ ariants ol a nucleic acid molecule encoding one of tlie 

proteins SEQ ID NO:5, and/or SEQ ID NO: 10. 

Percent identities between amino acid or nucleic acid sequences can be 
determined using standard methods known to those of skill in the art. It is known in the 
art that methods to determine the percentage identity and the number of gaps are 
10 substantially similar when different methods for determining sequence similarity are used 

and when the degree of similarity is greater than 3()9r amino acid identity, as described by 
Johnson el al.. J. MoL Biol., vol. 233. pages 7 1 6-738, 1993. and Feng ct ah, / Moi Evoi, 
vol. 21, pages 1 12-125. 1985. which ai"e incorporated by reference herein in their entirety. 
Preferred methods to determine percentage identities between amino acid sequences and 
15 between nucleic acid sequences include comparisons using various computer programs 

such as CiCCi'^' program (available from Genetics Computer Group, Madison, Wl). 
DNAsis'^* program (axailable from Hitachi Software, San Bruno. Gy\) or the 
Mac Vecloi ' ^' program (a\ailable from the l:aslman KtHlak C\^mpanN- New lla\en. i \ 
Pieteried settings lor seciuence comparisons using the DNAsis'^' computer program or 
20 the GAP (iGG'^' program are disclosed herein in the Examples section. 

Adchtional preferred IE 5 piolems of the present mxention include proteins 
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ii(\ilL-r>,j, aiKl/or nC^alL-5i,,., as well as \L-5 proteins encoded by allelic variants of such 
nucleic acid molecules. 

Also prelerred are lL-5 proteins encoded by nucleic acid molecules having nucleic 
acid sequences coniprisiniz at least a portion ol' SEQ ID NO:4, SHQ ID NO:7, and/or SEQ 
5 ID NO:9. as well as allelic \aiiaiUs of these nucleic acid molecules. 

Another embodiment of the present invention is a canine interleukin-3 nucleic 
acid molecule that includes one or more regulatory regions, lull-length or partial coding 
regions, or combinations thereof. The minimal size of a nucleic acid molecule of the 
present invention is a size sufficient to allow the formation of a stable hybrid (i.e., 
H) hybridization under stringent hybridization conditions) with the complementaiy sequence 

of another nucleic acid molecule. As such, the minimal size of a canine interleukin-5 
nucleic acid molecule of the present invention is from about 12 to about IS nucleotides in 
length. 

In accordance with the present invention, an isolated nucleic acid molecule is a 
\5 nucleic acid molecule that has been removed from its natural milieu (i.e., that has been 

subjected to human manipulation) and can include [3NA. RNA, or derivatives of either 
1)\A or RNA. As such, ''isolated" does not reflect the extent to which the nucleic acid 
niolecLilc has been punfieLl. An isoialcd canine inlerleukin-5 nucleic acid molecule of die 
present m\ention can he isolated from its natural source or produced using recombinant 
20 DNA technt)logy (e.g., pc^lymerase chain reaction (PCR) amplification ov cloning) or 

chemical s\ nlhcsis. Isolated camne inteiicukin-^ nucleic acid molecules can include, toi- 
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inoditicalions do not substanliallv iiiteiicrc with the luicleic acid molecule s ahilily to 
encode an canine inlerieLikin-5 protein of the present invention. 

A catiine interleLikin-3 ligand nucleic acid molecule homolog can be produced 
using a number of methods known to those skilled in the art, see, (or example, Sambrook 
ct ah, I^^S9, Molecular Cloiiiui^: A Lcihoraiorx McuiuaL Cold Spring Harbor Labs Press; 
Sambrook et al.. ihid., is incorporated by reference herein in its entirety. h\)r example, 
nucleic acid molecules can be modified using a variety of techniques including, but not 
limited to, classic mutagenesis and recombinant DNA techniques such as site-directed 
mutagenesis, chemical treatment, restriction enzyme cleavage, ligation of nucleic acid 
fragments, PGR amplification, synthesis of oligonucleotide mixtures and ligation of 
mixture groups to "build" a mixture of nucleic acid molecules, and combinations thereof. 
Nucleic acid molecule homologs can be selected by hybridization with a canine 
inleiieukin-3 nucleic acid molecule or by screening the function of a protein encoded by 
the nucleic acid molecule (e.g.. ability to elicit an immune response against at least one 
epitope t)f a canine interleukin-5 protein). 

An isolated nucleic acid molecule of the present invention can include a nucleic 
acid sequence that encodes al least one cannie interleukm-f) protein of the present 
nncntion. cXcUiiples of such proleins being disclosed herein. .Mlhough the phrase 
"nucleic acid molecule" primarily lefers to the physical nucleic acid molecule and the 
phrase "nucleic acid sequence" primarily refers to the secjuence of nucleotides on the 
nucleic acid molecule, the two phrases can be used interchangeably, especiallv with 
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A prdcrred luiLieic acid molecule ot the present invention, when administered to 
an animal, is capable of regulating an immune response in an animal. As will be 
disclosed m more detail below, such a nucleic acid molecule can be. or encode, an 
antisense RNA, a molecule capable of triple helix formation, a ribo/yme. or other nucleic 
acid-based drug compound. In additional embodiments, a nucleic acid molecule of the 
present invention can encode an immunoregulatory protein (e.g., a cell-bound or soluble 
protein of the present mvention). the nucleic acid molecule being delivered to the animal, 
for example, by direct injection (i.e. as a genetic vaccine) or in a vehicle such as a 
lecombinant virus vaccine or a recombinant cell vaccine. 

One embodiment of the present invention is an lL-5 nucleic acid molecule 
comprising all or part of nucleic acid molecules nCalL-5(,,,), nCaIL-54,p, nCaIL-5^4^, 
and/or nCalL-Sj^^^,; and/or allelic variants of these nucleic acid molecules. Another 
preferred nucleic acid molecule of the present invention includes at least a portion of (i.e., 
a fragment of the nucleic acid molecule) nucleic acid sequence SEQ ID NO:4, SEQ ID 
NO:6, SEQ ID NO:7. SEQ ID N():S, SEQ ID N0:9, SEQ ID NO: I I , SEQ ID NO: 1 8 and 
SEQ ID NO: 19. as well as allelic x ariants of nucleic acid molecules having these nucleic 
acid sec|uenccs. Such nucleic acid molecules can include nucleotides in addition to those 
included in the SI:Q II) NOs. such as. hul not limited to. a lull-length gene, a lull-length 
coding region, a nucleic acid molecule encoding a fusion protein, and/or a nucleic acid 
molecule encoding a multivalent therapeutic compound. 

One embodiment of an isolated nucleic acid molecule of the present invention is a 
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SEO ID NO:6. SEQ ID N():7. SEQ ID NO:S, SEQ ID NO:9. SEQ ID NO: 1 I . SEQ ID 
NO: IS imd/ov SEQ ID NO: 19. aiid/or a homolog thereof, wherein said honiolog has an at 
least 45 contiiiuous nueleotide region identieal in sequenee to a 45 conliguoiis nucleotide 
region of a nucleic acid molecule ha\ ing a nucleic acid sequence selected t roni the group 
consisting of SEQ ID NO:4. SEQ ID NO:6, SEQ ID N0:7. SEQ ID NO:S. SEQ ID N():9. 
SEQ ID NO: I E SEQ ID NO: IS, and/or SEQ ID NO: 19. The phrase, a homolog having 
an at least "x'' contiguous nucleotide region identical in sequence to an '^x" contiguous 
nucleotide region of a nucleic acid molecule selected from the group consisting of SEQ 
ID NO:^'y'\ relers to an "x"-nucleotide in length nucleic acid molecule that is identical in 
sequence to an '■x"-nucleotide portion of SEQ ID NO:"v'\ as well as to nucleic acid 
molecules thai are longer in length than "x". The additional length may be in the form of 
nucleotides that extend from either the 5' or the 3' end(s) of the contiguous identical '\x"- 
nucleotide portion. I'he 5' and/or 3' extensions can include one or more extensions that 
have no identity to an immunoregulatory molecule of the present invention, as well as 
extensions that show similarity or identity to cited nucleic acids sequences or portions 
thereof. 

In another embodimeiiL an isolated nucleic acid molecule of the present iinention 
can he aii\ of the follow ing: a luiclctc acid mt^leculc ha\ ing a nucleic acid sequence 
encoding an \L 5 protein seleclcd from the group consisting of (i) a protein ha\ ing an 
ammo acid sequence that is at least about S5 percent identical to an amino acid sequence 
selected from the group consisting of SEQ ID N();5 and/or SEQ ID NO: 10 and/or ( ii ) a 
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said IL-5i proieiii elicits an immune response against a lL-5 protein selected from the 
group consisting! ol'SEQ ID N0:5 and/or SEQ ID NO: 10 and/or is a protein with IL-5 
activity. 

In one embodiment, an IL-f) nucleic acid molecule of the present invention 
^ encodes a protein that is at least about S59r. more preferably at least about 9()9r, and even 

more preferably at least about identical to PCaIL-5|,j. and/or FCaIL-5i|,. 

In another embodiment, an lL-5 nucleic acid molecule of the present invention 
encodes a protein having an amino acid sequence that is at least about at least about 857^, 
at least about S57r', more preferably at least about 90%, and even more preferably at least 
10 about 95% identical to SEQ ID NO:5 and/or SEQ ID NO: 10. The present invention also 

includes an lL-5 nucleic acid molecule encoding a protein having at least a portion of 
SEQ ID NO:5 and/or SEQ ID NO: 10, as well as allelic variants of an IE-5 nucleic acid 
molecule encoding a protein having these sequences, including nucleic acid molecules 
that have been modified to accommodate codon usage properties of the cells in which 
1 5 such nucleic acid molecules are to be expressed. 

In one embodiment, an IL-5 nucleic acid molecule of the present invention is at 
least about 907 and prefeial^l\ at least ahout 9S^/ identical to nC\dL-5, n(\ilL 5;,, . 
ii( \iIE-5 and n(\dL-5., ., and/or an allelic \ ariant of such a nucleic acid molecule. 
In one embodiment, an lL-5 nucleic acid molecule of the present in\'ention 
20 comprises a nucleic acid sequence lliat is at least about 9()7r and preferably at least about 

957 identical to SEQ ID N{):4. S1:Q ID N():0, SliQ ID N():7, SEQ ID N():S, SliQ ID 
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N():4, SEQ ID N():6, SHQ ID N():7. SEQ ID NO:8. SEQ ID NO:9, SEQ ID NO: 1 1 , SEQ 
ID NO: IS and/or SEQ ID NO: 19, as well as allelic variants of such IL-5 luiclcic acid 
iiiolecidcs. including nucleic acid nuilecules that have been inodiTied to acconinuKlalc 
codon usage properties of the cells in which such nucleic acid molecules are to he 
expressed. 

Knowing the nucleic acid sequences of certain immunoregulatory nucleic acid 
molecules of the present invention allows one skilled in the art to, for example, (a) make 
copies of those nucleic acid molecules, (b) obtain nucleic acid molecules includiniz at 
least a portion of such nucleic acid molecules (e.g., nucleic acid molecules including 
full-length genes, full-length coding regions, regulatory control sequences, truncated 
coding regions), and/or (c) obtain other immunoregulatory nucleic acid molecules. Such 
nucleic acid molecules can be obtained in a variety of ways including screening 
appropriate expression libraries with antibodies of the present invention; traditional 
cloning techniques using oligonucleotide probes of the present invention to screen 
appropriate libraries: and PCR amplification of appropriate libraries or DNA using 
oligonucleotide primers of the present invention. Preferred libraries to screen or IVom 
w hich to amplif) nucleic acid molecules include mammalian cDNA libraries as w ell as 
genomic DNA libiarics. Sinularl\. pivleiivd DNA sources liom which to ampl]t\ luicleic 
acid molecules include mammalian cDNA and genomic DNA. Techniques to clone and 
amplify genes are disclosed, for example, in Sambrook et al., ibid. 

I he present imention also includes nucleic acid molecules lhat are 
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invciilion such as ihosc comprising canine inteiieukin-3 nucleic acid molecules. 
Oligonucleolides ot the present inxenlion can be RNA. DNA. or cleri\'ali\'es of either. 
The minimum si/e of such oligonucleotides is the si/e required lor formation of a stable 
hybrid between an oligonucleotide and a complementary sequence on a nucleic acid 
molecule of the present invenlion. A preferred oligonucleotide of the present invention 
has a maximum size of about lOO nucleotides, ^fhe present invention includes 
oligonucleotides that can be used as. lor example, probes to identily nucleic acid 
molecules, primers to produce nucleic acid molecules, or therapeutic reagents to inhibit 
canine interleukin-5 protein production or activity (e.g., as antisense-, triplex formation-, 
ribo/yme- and/or RNA drug-based reagents). The present invention also includes the use 
of such oligonucleotides to protect animals from disease using one or more of such 
technologies. Appropriate oligonucleotide-containing therapeutic compositions can be 
administered to an animal using techniques known to those skilled in the art. 

One embodiment of the present invention includes a recombinant vector, which 
includes at least one isolated nucleic acid molecule of the present invention, inserted into 
any vector capable of delivering the nucleic acid molecule into a host cell. Such a vector 
coiiiams iieterologous nucleic acid sec|uences. that is nucleic acid sceiuences that are not 
naturall\ found adjacent to luicleic acid molecules of the present nnention and thai 
preferably are derived from a species other than the species from which the nucleic acid 
molecule(s) are derixed. The \ ector can be either RNA or DNA. either prokarycHic or 
cukarxotic. and lypicalK is a \ ims or a plasmid. Recombinant \ ectors can he used in the 
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One type of reconibinaiil vector, reterred to herein as a recombinant molecule, 
comprises a nucleic acid molecule of the present invenliiMi operativelv linked to an 
expression xector. The plirase operalively linked relers to insertion of a nucleic acid 
molecule into an expression \ector m a manner such that the molecule is able to be 
expressed when transformed into a host cell. As used herein, an ex]:>ression vector is a 
DNA or RNA vector that is capable oT iranslormmLZ a host cell and of etTectmg 
expression of a specified nucleic acid molecule. Preferably, the expression vector is also 
capable of replicating within the host cell. Expression vectors can be either prokaryotic 
or eukaryotic, and are typically \'iruses or plasmids. Expression vectors of the present 
invention include any vectors that function (i.e., direct gene expression) in recombinant 
cells of the present invention, including in bacterial, fungal, parasite, insect, other animal, 
and plant cells. Preferred expression vectors of the present invention can direct gene 
expression in bacterial, yeast, insect and mammalian cells, and more preferably in the cell 
types disclosed herein, more preferably /// vivo. 

In particular, expression vectors of the present invention contain regulatory 
sequences such as transcription control sequences, translation control sequences, origins 
of replication, and other regulator\ sequences that are compatible with the recombinant 
cell and thai control the expiession ol luicleic acid molecules of the i^ivsent in\cntioii. In 
particular, recombinant molecules of the present nnention include transcription control 
sequences. Transcription control sec|uenccs are sequences which control the initiation, 
elongation, and leriiunation ot transcription. Parliculaii\ important lianscription contioi 




lM-2-CM-ri 



iranscriplion control sequence thai can function in at least one of the recombinant cells of 
the present inxention. A variety of such transcription control sequences are known t(^ 
those skilled in the art. Preferred iranscriplion control sequences include those which 
function in bacterial, yeast, helminth and/or other endoparasite, insect and mammalian 
cells, such as, but not limited to, Uu\ lac. irp. tn\ oxy-pro, omp/lpp, rrnB, bacteriophage 
lambda (such as lambda pi and lambda p,. and fusions that include such promoters), 
bacteriophage T7, Tllac\ bacteriophage T3, bacteriophage SP6, bacteriophage SPOl, 
metal lolhionein, alpha-mating tactor. Pichia alcohol oxidase, alphavirus subgenomic 
promoter, antibiotic resistance gene, baculovirus, Heliothis zea insect virus, vaccinia 
virus, herpesvirus, raccoon poxvirus, other poxvirus, adenovirus, cytomegalovirus (such 
as immediate early promoter), simian virus 40, retrovirus, actin, retroviral long terminal 
repeat, Rous sarcoma virus, heat shock, phosphate and nitrate transcription control 
sequences as well as other sequences capable of controlling gene expression in 
prokaryotic or eukaryotic cells. Additional suitable transcription control sequences 
include tissue-specific promoters and enhancers as well as lymphokine-inducible 
promoters (e.g., promoters inducible by interferons or interleukins). Transcription control 
sequences t)f the present im ention can also mclude naturally occurring transcription 
control scciuenccs naturally associated w itli mammals, such as dog. cat, horse oi* human 
transcription control sequences. 

Suitable and preferred nucleic acid nu^lecules to include in recombinant vectors c^f 
the present iinention are as disclosed herein. Preferred nucleic acid molecules to mclude 
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Rccoinbinanl molecules of llie presenl invention may also (a) contain secretory 
siiznals (i.e., signal segment nucleic acid sequences) to enable an expressed parasitic 
helminth protein ol'the present invention to be secreted Irom the cell thai produces the 
protein and/or (b) contain lusion sequences which lead to the expression of nucleic acid 
S molecules of the present invention as lusion proteins. Examples of suitable signal 

segments include any signal segment capable of directing the secretion ot a protein of the 
present invention. Preferred signal segments include, but are not limited to, tissue 
plasminogen activator (t-PA). interferon, interleukin, growth hormone, histocompatibility 
and viral envelope glycoprotein signal segments. Suitable fusion segments encoded by 

10 fusion segment nucleic acids are disclosed herein. In addition, a nucleic acid molecule of 

the present invention can be joined to a fusion segment that directs the encoded protein to 
the proteosome. such as a ubiquitin fusion segment. Eukaryotic recombinant molecules 
may also include intervening and/or untranslated sequences surrounding and/or within the 
nucleic acid sequences of nucleic acid molecules of the present invention, 

1 5 Another embodiment of the present invention includes a recombinant cell 

comprising a host cell transformed with one or more recombinant molecules of the 
present im ention. Transformation of a nucleic acid molecule into a cell can be 
accomplished b\' an\ method by w Inch a nucleic acid molecule can be inserted into the 
cell. Transformation techniques include, but are not limited to, Iransfection, 

-0 electroporalion. microinjection, lipofeclion. adsorption, and protoplast fusion. A 

ivcombinant cell ma\ remain unicellular oi" ma\ ur(n\ mio ;i tissue. on:an or a 
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the iraiistormcd (i.e.. rcconibinanl ) cell in such a manner that their ability to be expressed 
is retained. Preferred nucleic acid molecules with which to transform a cell include 
nnmunoreiiulalory nucleic acid molecules of the present invention disclosed herein. 
Particularly prcterred nucleic acid molecules with which to transform a ceil include 
5 n(;alL-5^,i(,, nCalL-^^,,,, nCalL-3,4,. and/or nCaIL-5,f,^s. 

Suitable host cells to transform niclude any cell that can be transtormed with a 
nucleic acid molecule of the present mvention. Host cells can be either untransformed 
cells or cells that are already transformed with at least one nucleic acid molecule (e.g., 
nucleic acid molecules encoding one or more proteins of the present invention and/or 

10 other proteins useful in the production of multivalent vaccines). Host cells of the present 

invention either can be endogenously (i.e., naturally) capable of producing 
immunoregulatory proteins of the present invention or can be capable of producing such 
proteins after being transformed with at least one nucleic acid molecule of the present 
invention. Host cells of the present invention can be any cell capable of producing at 

1^ least one protein of the present invention, and include bacterial, fungal (including yeast), 

parasite (including helminth, protozoa and ectoparasite), other insect, other animal and 
plant cells. Preferred host cells include bacterial, mycobacterial, yeast, helminth, insect 
aiul mammalian cells. More prelei-red host cells include SdlnioiiclUi, lisclwrichuL 
Bdcilliiw ListericL Sdccharonixces, Spodoptera. MxcohcictcricL Trichoplusia, BHK (babv 

20 hamster kidney) cells, MDCK ceils (Madin-Darby canine kidney cell line). CRFK cells 

((^randell Iclme kidnc\ cell Inie). C^V-I cells (African monkev kidnev cell line used, toi* 
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roli. 

iiicliKiiiii! altcnualcd strains such as UK-1 ,,^^^^7 and SR-1 1 ,,4072: Spodopteni 
jnii^ipcrda: Inchopliisia ni: BHK cells; MDCK cells: CRFK cells: CV-1 cells; COS 
cells: Vero cells; and iion-iuniorigenic mouse niyoblasl GH cells (e.g., ATCC CRL 1246). 
Additional appropriate nianinialian cell hosts include other kidney cell lines, other 
f ibroblast cell lines (e.g., human, murine or chicken embryo fibroblast cell lines), 
myeloma cell lines, Chinese hamster ovary cells, mouse NIH/3T3 cells, LMTK^' cells 
and/or HeLa cells. In one embodiment, the proteins may be expressed as heterologous 
proteins in myeloma cell lines employing immunoglobulin promoters. 

A recombinant cell is preferably produced by transforming a host cell with one or 
more recombinant molecules, each comprising one or more nucleic acid molecules of the 
present invention operatively linked to an expression vector containing one or more 
transcription control sequences, examples of which are disclosed herein. 

A recombinant cell of the present invention includes any cell transformed with at 
least one of any nucleic acid molecule of the present invention. Suitable and preferred 
nucleic acid molecules as well as suitable and preferred recombinant molecules with 
w Inch lo transfer cells are disclosed hereni. 

Recombinant cells of the prescnl iiiN cnlion can also be co-transformed w uh one or 
moic recombinant molecules including an\ o\' canine interleukin-5 nucleic acid molecule 
encoding one or mow proteins of the present invention and/or one or move other nucleic 
acui molecules encoding other therapeutic compcumds. as disclosed herein (e.g.. to 
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Reconibinaiu DNA technologies can be used to iinprove expression of 
transtormed nucleic acid molecules hy nianipulatinii, lor example, the number of copies 
of the nucleic acid molecules within a host cell, the efficiency with which those nucleic 
acid molecules are transcribed, the efficiency with which the resultant transcripts are 
translated- and the efficiency of posi-traiislalicMial modifications. Recon^binant 
techniques useful for increasing the expression of nucleic acid molecules of the present 
invention include, but are not limited to. operatively linking nucleic acid molecules to 
high-copy number plasmids, integration of the nucleic acid molecules into one or more 
host cell chromosomes, addition of vector stability sequences to plasmids. substitutions or 
modifications of transcription control signals {e.g., promoters, operators, enhancers), 
substitutions or modifications of translational control signals (e.g., ribosome binding 
sites, Shine-Dalgarno sequences), modification of nucleic acid molecules of the present 
invention to correspond to the codon usage of the host cell, deletion of sequences that 
destabilize transcripts, and use of control signals that temporally separate recombinant 
cell growth from recombinant en/yme production during fermentation. The activity of an 
expressed recombinant protein ol'tlie present invention may be improved by fragmenting, 
modifying, oi" deri\ ati/ing nucleic aciil molecules encoding such a pi'otein. 

Isolated i mmunorcgu lal(M"\ proteins of the i^ivscnt nnention can be |^]"oduced m a 
\ arietN of w ays. including ]^roduction and/or recovery of natural proteins, production 
and/or recox ery of recombinant proteins, and/or chemical synthesis of the proteins. In 
one embodiment, an isolated prt)lein of the present irn ention is produced bv culturing a 
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invention. HtTcclive culture conditions include, but dvc not limited to. effective media, 
bioreactor, temperature. j^H and oxygen conditions that permit protein production. An 
effective medium refers to any medium in which a cell is cultured to produce an 
immunoreiiulatory protein of the present invention. Such medium typically comprises an 
aqueous medium havin<z assimilable carbon, nurogen and phosphate sources, and 
ai:>propriate salts, minerals, metals and other nutrients, such as vitamins. Cells of the 
present invention can be cultured in conventional fermentation biorcactors, shake flasks, 
test tubes, microtitcr dishes, and petri plates. Culturing can be carried out at a 
temperature. pH and oxygen content appropriate for a recombinant cell. Such culluring 
conditions are within the expertise of one of ordinary skill in the art. 

Depending on the vector and host system used for production, resultant proteins of 
the present invention may either remain within the recombinant cell; be secreted into the 
fermentation medium: be secreted into a space between two cellular membranes, such as 
the periplasmic space in /:. coli: or be retained on the outer surface of a cell or viral 
membrane. 

The phrase "recovering the protein'\ as well as similar phrases, refers to collecting 
the whole fermentation mechum containing the pixnem and need not imply additional 
steps o( separation or purification. Proteins of the present iiuention can be pui ilied using 
a \ anet\ of standard protein purif ication techniques, such as. but not limited to. affinity 
chromatography, ion exchange chromatography, filtration, electrophoresis, hydrophobic 
mlciaciion chromaiogi-aptu . gel lihralion chromalograpin . re\erse j^hase 
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pure" tonn. As used herein, '\subslaiilially pure'' refers to a purity that allows for the 
ettective use of the protein as a therapeutic composition or diagnostic. A therapeutic 
composition lor animals, for example, should exhibit no substantial toxicity and 
preferably should be capable of stmuilating the production of antibodies m a treated 
^ anmial. 

^riie present invention also includes isolated (i.e., removed from their natural 
milieu) antibodies that selectively bind to an immunoregulatory protein of the present 
iinention and/ora mimelopc thereof (e.g.. anti-IL-5 antibodies). As used herem. the term 
'Selectively binds to" an immunoregulatory protein of the present invention, refers to the 

10 ability oi" antibodies of the present invention to preferentially bind to specified proteins 

and/or mimetopes thereof of the present invention. Binding can be measured using a 
variety of methods standard in the art including enzyme immunoassays (e.g., ELISA), 
immunoblot assays, etc.; sec. for example, Sambrook et ah, ibid, and Harlow, et ah, 
1988. AfUihodies, a Lahonilorx MiniudL Cold Spring Harbor Labs Press; Harlow et ah. 

13 /7;/V/., is incorporated by this reference herein in its entirety. An anti-IL-5 antibody of the 

present invention preferably selectively binds to an IL-5 protein in such a way as to 
nihibit the function of that protein. 

ist)lated antibodies of the pivsent invenlion can include antibcHhcs in scrum, or 
antibodies that haxe been purified to \ arying degrees. Antibodies of the present iin ention 

20 can be polyclonal or monoclonal, or can be functional equivalents such as antibody 

tragments and/cM" geneticallx -engineered antibodies, including single chain antibodies or 
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/\ i^rcleiTcd method to produce aiuibodies of the present invention includes (a) 
administering to an aniinal an effective amount of a protein, peptide and/or mimetope 
thereof of the present invention to produce the antibodies and (b) recovering the 
antiboches. hi another method, aiuibodies of the present invention are produced 
recombinantly using techniques as heretofore disclosed to produce any of the 
inmumoregulatory proteins of the present invention. Antibodies raised against defined 
proteins or mimctopes can be advantageous because such antibodies are not substantially 
contaminated with antibodies against other substances that might otherwise cause 
interference in a diagnostic assay or side effects if used in a therapeutic composition. 

Antibodies of the present invention have a variety of potential uses that are within 
the scope of the present invention. For example, such antibodies can be used (a) as 
reagents in assays to detect an immunoregulatory protein of the present invention, (b) as 
reagents in assays to modulate cellular activity through an immunoregulatory protein of 
the present invention (e.g., mimicking ligand binding to a canine interleukin-5), and/or (c) 
as tools to screen expression libraries and/or to recover desired proteins of the present 
invention from a mixture of proteins and other contaminants. Furthermore, antibodies of 
ihe present iinention can be used to target compounds (e.g., nucleic acid molecules, drugs 
or proteins) to antigen presenting cells, l aigeting can be accomphshed b\ ctMijugating 
(I.e.. slabl\ joining) such antibodies to the compounds using techniques known to those 
skilled in the art. Suitable compounds are known to those skilled in the art. 

( )ne embodiment ol the presenl iiu ention is a therapeutic composition that, w lien 
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least one of the Ic^llow ing tlierapeutic compounds: an isolated lL-5 protein of the present 
nivention and/or a niinietope thereof: an isolated IL-5 nucleic acid niolecule of the 
present unention; an isolated antibody that seleclix ely binds to an lL-5 pitneni of tlie 
piesenl invention; an inhibitor of canine IL-5 function identified by its ability to bind to 
an [L 5 protem, respectnelw of the ]:>resenl un ention: such an inhibitor can inhibit 
binding of the respective inirnunoregulatory protein with its respective receptor, or inhibit 
the activity the respective protein. Methods to perlorni such assays to measure binding 
and/or activity of an immunoregulatory protein of the present invention are known to 
diose of skill in the art, and are described, for example, in Janeway et al.. ihicL As used 
herein, a therapeutic compound refers to a compound that, when administered to an 
animal in an effective manner, is able to treat, ameliorate, and/or prevent a disease. 
Hxamples of proteins, nucleic acid molecules, antibodies and/or inhibitors oi' the present 
invention are disclosed herein. 

The present invention also includes a therapeutic composition comprising at least 
one lL-3-based compound of the present invention in combination with at least one 
additional therapeutic compound. Examples of such compounds are disclosed herein. 

Therapeutic compositions of the ]^resent iincntion can be administered to an\ 
animal susceptible to such therapy. preferabl\ to mammals, and more pieferablx lo dogs, 
cats, humans, ferrets, horses, cattle, sheep and/or otiier pets, economic food animals 
and/or /oo animals. Prefei red animals include dogs, cats, horses and/or humans. 

.\ therapeutic dMnpo^ituMi the pivsenl iiuention is administered to an animal m 
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admiiiislLMvd lo animals prior to onset o\ a disease (i.e., as a preventative \'aceine) and/or 
can be administered to animals alter cMiset of a disease in order to treat the disease (i.e.. as 
a therapeutic \ accine). l^relerred diseases to prevent and/or treat include autoimmune 
diseases, allergic reactions, inlectious diseases, tumor development, inHammatory 
diseases and/or graft rejection. \n one embodiment, a therapeutic composition of the 
present invention is administered with an antigen to enhance an immune response against 
that antigen. 

Therapeutic compositions of the present invention can be formulated in an 
excipient that the animal to be treated can tolerate. Examples ol' such excipienls include 
water, saline. Ringer's solution, dextrose solution. Hank s solution, and/or other aqueous 
physiologically balanced salt solutions. Nonaqueous vehicles, such as fixed oils, sesame 
oil, ethyl oleate, or triglycerides may also be used. Other useful formulations include 
suspensions containing viscosity enhancing agents, such as sodium 

carboxymethylcellulose, sorbitol, or dextran. Excipients can also contain minor amounts 
of additives, such as substances that enhance isotonicity and chemical stability. 
Examples of buffers include phosphate buffer, bicarbonate buffer and/or Tris buffer, 
w hile examples of pieseiA ativ cs include thimerosal. o-cresoL formalin and/or ben/.vl 
alcohol. Slandai'd formulations can eithei" be liquid in)ectables or solids uhich can be 
taken up m a suitable hcjuid as a suspensK)n or solution lor iniection. Thus, in a 
non-liquid formulation, the excipient can comprise dextrose, human serum albun^in. 
preser\ ali\ es. etc.. to w hich sterile w aler ov saline can be added prior to administration. 
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ivspoiisc of an aniiiKil to a specific antigen. Suitable adjuvants include, but are not 
limited to. cytokines, cheniokiiies. and/or compounds that induce the production of 
cytokines and/or chemokines (e.g., granulocyte macrophage colony stimuhiting factor 
{C!M-(\SF), granulocyte colony stimulating factor (Ci-CSF). macrophage colony 
stimulatmg factor ( M-CSF), colony slmiulating factor (CSF), erythropoietin (liPO), 
interleukin 2 (IL-2), interleukin-3 {IL-3), interleukin 5 (IL-5), interleukin 6 (lL-6), 
inlerleukin 7 (IL-7). interleukin 8 (IL-8), interleukm 10 (IL-IO), interleukin 12 (lL-12). 
interferon gamma, mterferon gamma inducing factor I (IGIF), transforming growth factor 
beta. RANTES (regulated upon activation, normal T cell expressed and pi^esumably 
secreted), macrophage inflanmiatory protenis (e.g., MIP-l alpha and MlP-1 beta), and 
Leishmania elongation initiating factor (LFIF)): bacterial components (e.g., endotoxins, 
in particular superantigens, exotoxins and cell wall components): aluminum-based salts: 
calcium-based salts: silica: polynucleotides: toxoids: serum proteins, viral coat proteins: 
block copolymer adjuvants (e.g.. Hunter's Titermax '^* adjuvant (Vaxcel Inc. Norcross, 
(iA). Ribi adjuvants (Ribi ImmunoChem Research. Inc., Hamilton, MT): and saponms 
and then" derivatives (e.g.. Quil A (Superfos Biosector A/S. Denmark). Protein adjuvants 
of the present nnention can be delivered ni the form of the protem themselves ov o\ 
nucleic acid molecules encoding such proteins using the methods described herein. 

In one embodiment of the present iinention, a therapeutic composition can 
include a carrier, (\irriers include compounds that increase the half-life of a therapeutic 
coiiiposition in the treated animal, SuMable caiTieis include, but are not limited to. 




1M-2-C1-C1 



( )nc LMiibodinient of the prcsciU inx cnlioii is a conlix^lled release lornuilation thai 
is capable of slowly releasing a composition of the present invention into an animal. As 
used herein, a controlled release formulation comprises a composition of the present 
invention in a controlled release vehicle. Suitable controlled release vehicles include, but 
are not limited to, biocompatible polymers, other polymeric matrices, capsules, 
microcapsules, microparticles, bolus preparations, osmotic pumps, diffusion devices, 
liposomes, lipospheres, and transdermal delivery systems. Other controlled release 
formulations of the present invention include liquids that, upon administration to an 
animal, form a solid or a gel in situ. Preferred controlled release formulations are 
biodegradable (i.e., bioerodible). 

A preferred controlled release formulation of the present invention is capable of 
releasing a composition of the present invention into the blood of the treated animal at a 
constant rate sufficient to attain therapeutic dose levels of the composition to regulate an 
immune response in an animal. The therapeutic composition is preferably released over a 
period otTime ranging from about 1 lo about 12 months. A contix>lled release 
formulation of the present invention is capable of effecting a treatment preferably for at 
least about I month, more preferably for at least about 3 months, CN cn more prelerabK lor 
at least about () months, e\en more pivferably for at least about 9 montlis. and cn cii moie 
pieferabh for at least about 12 months. 

Therapeutic compositions oi the present invention can be administered to animals 
prior lo and/oi" after onset of disease. Acceptable protocols to administer therapeutic 
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protocols can be accomplished b\ those skilled iii the art. A suitable single dose is a dose 
that is capable of regulating the iiniiiuue response ni an animal when administered one or 
more tmies o\ er a suitable time jKM iod. For example, a [:ireterred single dose of a protein, 
mimelope or antibody therapeutic composition is from about I microgram (//g) to about 
10 milligrams (mg) of the therapeutic composition per kilogram body weight oi the 
animal. Booster vaccinations can be administered from about 2 weeks to several years 
after the original administration. Booster administrations preferably are administered 
when the immune response of the animal becomes insufficient to protect the animal from 
disease. A preferred administration schedule is one m which from about 10 /^g to about I 
mg of the therapeutic composition per kg body weight of the animal is administered from 
about one to about two times over a time period of from about 2 weeks to about 12 
months. Modes of administration can include, but are not limited to, subcutaneous, 
intradermal, intravenous, intra nasal, intraoccular, oral, transdermal and/or intramuscular 
routes. 

According to one embodiment, a nucleic acid molecule of the present invention 
can be admmistered to an animal in a fashion to enable expression of that nucleic acid 
molecule into a therapeutic protein or therapeutic RNA (e.g., antisense RNA. ribo/yme, 
tiiple helix forms or RN/\ diug) in the ainmal. Nucleic acid molecules can be deli\eied 
to an animal in a \ariety o\' methods including, but nol liiuited to. (a) administering a 
naked (i.e.. not packaged in a \'iral coat or cellular membrane) nucleic acid as a genetic 
\ accme (e.g., as naked l)N/\ or RNA molecules, such as is laiight, for example in Wolff 
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packaged as a recombinant \ irus \ accine or as a recombinant cell x accine (i.e., the 
nucleic acid molecule is delivered by a viral or cellular vehicle). 

A genetic (i.e.. naked nucleic acid) \'accine of the present invention includes a 
nucleic acid molecule of the present invention and preterably includes a recombinant 
molecule ol the present iinention that preterably is replication, or otherwise 
amphricalion, competent. A genetic vaccine ol' the present invention can comprrse one or 
more nucleic acid molecules ot the present invention in the form of, for example, a 
dicistronic recombinant molecule. Preferred genetic vaccines include at least a portion of 
a \ iral genome (i.e., a viral xector). Preferred viral vectors include those based on 
alphaviruses, poxviruses, adenoviruses, herpesviruses, picornaviruses, and/or 
retroviruses, with those based on alphaviruses (such as sindbis or Semliki forest virus), 
species-specific herpesviruses and/or poxviruses being particularly preferred. Any 
suitable transcription control sequence can be used, including those disclosed as suitable 
for protein production. Particularly preferred transcription control sequences include 
cytomegalovirus immediate early (preterably in conjunction with hnron-A). Rous 
sarcoma virus long terminal repeat, and tissue-specific transcription control sequences, as 
w ell as transci iption control sec|uences endogenous to \ iral \ ectors if \ iral \ ectors are 
used. The incorpoiation of a "stiong" pol\ aden\ lalion signal is also preferred. 

(icnetic \ accines of the present imention can be administered in a \ ariety of 
ways, with intramuscular, subcutaneous, intradermal, iransdermaL intra nasal and/or oral 
ioulcs ot" administration being preferied. .A preterrcd single dose of a genetic \ accine 
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Suilahlc dcliN cry methods include, tor example, by inieclion, as drops, acrosoli/cd and/or 
topically, (ienetic x accines of the present iineiitioii can be contained in an aqueous 
excipient (c.l:.. phosphate butTered saline) alone or in a carrier (e.g., lipid-based vehicles). 

A recombinant virirs vaccine of the present invention includes a recombinant 
molecule of the present invention that is packaLied in a virai coat and that can be 
expi-essed in an animal after administration. Preterably, the recombinant molecule is 
packaging- or replication-deficient and/or encodes an attenuated virus. A number of 
recombinant viruses can be used, including, but not limited to, those based on 
alphaviruses, poxviruses, adenoviruses, herpesviruses, picornaviruses, and/or 
retroviruses. Preferred recombinant virus vaccines are those based on alphaviruses (such 
as Sindbis virus), raccoon poxviruses, species-specific herpesviruses and/or 
species-specific poxviruses. An example of methods to produce and use alphavirus 
recombinant virus vaccines are disclosed in U.S. Patent Number 5,766.602 by Xiong et 
af. issued June 16, 1998. which is incorporated by reterence herein in its entirety. 

When administered to an animal, a recombinant virus vaccine of the present 
invention infects cells within the immunized animal and directs the production of a 
ihci apcutic protein or RN A nucleic acid molecule that is capable of protecting the animal 
li"om disease causcel b\ a parasitic helminth as disclosed heivin. Por example, a 
recombinant \ irus \ accinc cc^mprising an immunoregulatory nucleic acid molecule of the 
present in\ ention is administered according to a protocol that results in the regulation of 
an imiiuinc response in an animal. A i^reterred single dose of a recombinant \ irus 
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siinilai' lo those described herein for protein-based vaccines, with subcutaneous, 
intranniscular, intra nasal, intraoccular and/or oral administration routes being prelerred. 

A recombinant cell x accine of the present invention includes recombinant cells ot" 
the present inxenlion that express at least one protein of the present invention. Prelerred 
lecombinant cells tor this embodiment include ScilnioficlUi, I:, coli. Listcria^ 
MxcolnictcriuDK S. jrui^ipcrcln, yeast, (including Saccljcironixccs cerevisiac cuid Pichia 
pastoris). BHK, CV-1, myoblast CiS. CX)S (e.g., COS-7). Vero, MDCK and CRFK 
recombinant cells. Recombinant cell vaccines of the present invention can be 
administered in a variety of ways but have the advantage that they can be administered 
orally, pivferably at doses ranging from about 10^ to about 10'"^ cells per kilogram body 
weight. Administration protocols are similar to those described herein for protein-based 
vaccines. Recombinant cell vaccines can comprise whole cells, cells stripped of cell 
walls or cell ly sates. 

The efficacy of a therapeutic composition of the present invention to regulate the 
immune response in an animal can be tested in a variety of ways including, but not 
limited to. detection of cellular immunity within the treated animal, determining 
l\niphoc\te or dendritic cell acti\ , deleclion of muiuinoglobuhn levels, detei'mming 
licmatopoictic stem cell oi' hcmalopoiclic early pi-ogeiutoi" cell de\elopmcnl. dclermmmg 
dendritic cell development or challenge of the treated animal with an infectious agent to 
determine whether the treated animal is resistant to disease. In one embocUment, 
iheiapeutic compt)sitions can l^e tested in animal models such as mice. Such lechmques 
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One ciiibodiincnt of the present invention is an inhibitory eompound. Preferably, 
such an inhibitory compound is deri\ ed from an \L-5 protein of the present invention. 
l:\aniples of inhibitory compounds include an antibody of the present invention, that is 
achiiinistered to an animal in an effective manner (i.e., is achiiinistered in an amount so as 
5 to be present in the animal at a tiler that is sufficient, upon interaction of that antibody 

with a nati\ e lL-5 protein. It) decrease the activity of such proteins in an animal, at least 
temporarily}. Oligonucleotide nucleic acid molecules of the present invention can also be 
administered in an elfective manner, thereby reducing expression of an lL-5 protein, in 
order to interfere with the protein activity targeted in accordance with the present 

10 invention. Peptides of an IL-^S protein of the present invention can also be administered 

in an effective manner, thereby reducing binding of IL-5 proteins to the appropriate 
receptor, in order to interfere with the protein activity targeted in accordance with the 
present invention. An inhibitory compound of an IL-5 function can be identified using 
IL-5 proteins of the present invention. 

15 Another embodiment of the present invention is a method to identify a compound 

capable of inhibiting IL-5 function. Such a method includes the steps of: (a) contacting 
an isolated lL-5 protein of the piesent un ention, w ith a putative inhibitorv compound 
iiiuler ct>iid]lions m w hich. m the absence of the compound, the lL-5 prolcm binds to lL-5 
receptor or stimulates T cells in a Y cell proliferation assay, and (b) determining if the 

20 putatne inhibitory compound inhibits the binding of IL-5 protein to lL-5 receptor or the 

siimulalion of \ cells m a 1" cell j^rol Herat ion assa\ . 
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Futalive inhibitory coiiipiHiiids to sciclmi include small organic molecules, 
antibodies (including mimetopes thereof), and/oi' ligand analogs. Such compounds are 
also screened to identify those that are substantially not toxic in host animals. 

Pivlerred \L-5 protenis to mhibit are those produced by dogs, cats, horses or 
humans, e\en more preferred lL-5 proteins to inhibit are those produced by domestic 
di)gs or cats. A particularly preterred inhibitor of the present invention is capable of 
regulating an immune response in an animal. It is also within the scope of the present 
invention to use inhibitors of the present invention to target diseases involving undesired 
immune activity in animals. Compositions comprising inhibitors of lL-5 function can be 
administered to animals in an effective manner to regulate the immune response in the 
animals, and preferably to prevent autoimmune disease, allergy, infectious disease, 
inflammation or prevent graft rejection in animals, or to treat animals with such diseases. 
EITective amounts and/or dosing regimens can be determined using techniques known to 
those skilled in the art. 

h is also within the scope of the present invention to use isolated proteins, 
mimetopes, nucleic acid molecules and/or antibodies of the present invention as 
diagnostic reagents. Methods lo use such diagnostic leagenls are well knt)\\ n to those 
skHled Ml the art. see. tor c\ami-)le. Janewax. el ah. ihuL. and/or VC V l^iblication No. WO 
9S/23964, published June 4, 1^^)S, which is herein incorporated by reference. 

The following examples are pnn ided tor the purposes of illustration and are not 
intended to limit die scope oi' the present iinenlion. 
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i:XAMPLES 

ll is U) be noted that the examples iiielude a number ot^ iiioleeular biology, 
microbiology, immunology and biochemistry techniques considered to be tamiliar to 
those skilled in the art. Disclosure of such techniques can be found, for example, in 
Sambrook et al., ibid and Ausubel. et al.. 1993. Current Protocols in Molecular Biolo^w 
(ireene/Wiley Interscience, New York, NY, and related relerences. Ausubel, et al, ibid, is 
incorporated by reterence herein in its entirety. 
Example 1 

This example describes the isolation and sequencing of certain canine IL-5 nucleic 

acid molecules and proteins of the present invention. This example also describes 

expression oi" canine IL-5 in a Pichia expression system. 

A. Isolation and sequencing of canine IL-5 nucleic acid molecules and 
proteins 

A canine IL-5 cDNA nucleic acid molecule encoding a canine lL-5 protein was 
isolated by PCR amplification from a canine PBMC cDNA library. The library was a C. 
janiiliaris mitogen activated PBMC cDNA library that was constructed in the Uni-ZAP® 
XR vector (available from Stratagene (Zoning Systems, La Jolla, CA), using Stratagene's 
/.\P-cl)NA^f- S\iithesis Kit and the manulaclurcr's protocol. The mRN/\ uas isolated 
Irom ( \ fannlidris periplieral blood mononuclear cells about IS hours after thev were 
acti\'ated by a polyclonal acti\ ating agent in culture. 

The PCR products were cloned and sequencetl using using Amplitac] DNA 

cwle^ the lolKu^ mg: 'y\ ( ' h m -1> NCcotuK. llicii IS ( ' I i >! f*^ sect>!uls. i hen '2 Clorl 
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iniiuitc 45 sccoikIs; followed by a tnial cxlcnsion at 72 C for S niinulcs. Degenerate 
oligoiuieiet)iicle primers were designed in accordanee witli eonserved regions ofdinman 
and cat IL-5 gene sequences a\'ailalMe \n (jenBank: sense primer, 5' AIXKVXCTTTC 
ITTCKX^ 3\ denoted hciein as SI:Q ID NO:l: antisense primer 1, 5' CTGGAGGAAA 
5 AKACTTCRAT GATTCTGATA 1 CTGAAA FA r AT 3\ denoted hcreui as SEQ ID 

N():2: and antrsense pnmer 2. 5^ CTGACYCTTK S TTGGSCCTC ATTCTCA 3*. 
denoted hereni as SEQ ID NO:3, wiiere K was G or T, R was either A or CJ, S was either 
G or C, and Y was either T or C. 

An about 6 1 0-nucleotidc canme IL-5 nucleic acid molecule, denoted nCaIL-5f,|o. 

10 was obtained usuig primers having SEQ ID NO: 1 and SEQ ID NO:2, respectively. The 

sequence of the coding strand of n(\ilL-5f,|() is represented herein as SEQ ID N0:4. The 
reverse complement of SEQ ID N():4 is referred to herein as SEQ TD NO:6. Translation 
of SEQ ID N():4 suggests that nucleic acid molecule nCaIL-5^^i() encodes an IL-5 protein 
of 134 amino acids, denoted herein as PCaIL-5m, the amino acid sequence of which is 

15 presented in SEQ ID NO:5, assuming an open reading frame having an initiation codon 

spanning from nucleotide 29 through nucleotide 3 1 of SEQ ID NO:4 and a stop codon 
spanning Irom nucleotide 43 1 through nucleotide 433 of S1:Q) ID NO:4. The coding 
legion encoding P(\ilL-5i ,:. not uicluding the teiniination codon, is presented herein as 
nC\dL-5K,>, which has the nucleotide seciuencc S1:Q ID NO:7 (the ccuimg strand) and 

20 SEQ ID N():S (the complementar\ strand). 

An aboui 4SS-iiuclcolidc fragment, denoted herein as n(\iIL-5i.., isolated b\ PCR 
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A putative signal sequence coding region extends from nucleotide 29 through 
nucleotide 85 of SEQ ID NO:4. The proposed mature protein, denoted herein as PCalL- 
5 11,, represented by SEQ ID NO: 10, contains about 1 15 amino acids, extending irom 
residue 20 though residue 134 of SEQ ID N0:5. The nucleotide sequence encoding 
5 PCaIL-5i,,, which extends from nucleotide 86 through nucleotide 430 of SEQ ID NO;4, 

is denoted herein as nucleic acid molecule nCaIL-5^^, represented by SEQ ID NO:9 
(coding strand) and SEQ ID NO: 1 1 (the complement strand). 

Sequence analysis was performed with DNAsis'^^^^ using the alignment settings of: 
gap penalty set at 5; number of top diagonals set at 5: fixed gap penalty set at 10: k-tuple 
10 set at 2: window size set at 5 and floating gap penalty set at 10. At the amino acid level. 

PCaIL-5i^4 shared 82.8% and 57.4%; identity with feline and human IL-5 proteins, 
respectively (Padrid et al., Adl J. Vet. Res., vol. 59, pp. 1263-1269, 1998; A/amia el al.. 
Nucleic Acids Res., vof 14, pp. 9149-9158, 1986). At the nucleotide level, nCaIL-5,i, 
shared 81.7% and 75% identity with the cDNA sequences of the feline and human IL-5, 
1 5 respectively. 

B. Expression of canine lL-5 in Pichia 

example describes the expression in Pichia of a canine lL-5 cDNA fragment, 
namely a canine lE-5 nucleic acid molecule denoted nCalE-5,;,. the codmg strand ot 
which consists of nuclecnides 86-433 of SEQ ID N0:4, and as such, enccules a predicted 
20 mature canine IL-5 protein having SEQ ID NO: 10. Nucleic acid molecule nCalL-5;;^^, 

was PCR amplified trom n(\iIL-5^,,,, using sense primer 5" GGCiCTCdACi A 



IM"2-ri-CI 

primer 5" CCCGCGGCCG CTCAACTTTC CG(]TC;TCCAC^ TC 3\ denoted herein as 
SEiQ ID NO: 13, with nueleotides 12-32 et)rrespondiniz to the reverse eoniplenient o\ 
nucleotides 413-433 of SEQ ID N():4. To laeihlate cloning, an Xhol site (shown in bold) 
was added to the sense primer and a Notl site (shown m bold) was added to the antisense 
3 primer. The PCR-amplified traiznient was digested with restriction endt>iuicleases Xhol 

and Noll, gel purified and ligated into pPIC'ZixA plasmid vector, available from 
Invitrogen. that had been digested by Xlio I and No! I and gel purified, to produce 
recombinant molecule pPlCZuA-nCalL-?,,.. The insert in the recombinant molecule was 
\ erified by DNA sequencing The recombinant molecule was used to transform Fichia 

10 poMoris strain X-33 by electroporation to produce recombinant cell Piohici-pPlCZaA- 

nCaIL-5v^^. Recombinant cell P/r///V/-pPICZ(xA-nCaIL-5^4^ "^"'^^ cultured using techniques 
known to those skilled in the art and IL-5 expression was induced with methanol. The 
supernatant was recovered and submitted to SDS-PAGE, Silver staining of the resultant 
gel indicated a band of about 18 kDaonly seen in the supernatant of Fichia transformed 

15 with recombinant molecule pPICZ{).A-nCaIL-5;4^. 

Example 2 

This example describes the isolation and characterization of the canine lL-5 gene. 
Its expiession. and biological aclix U\ ot the lecombinantl) produccel protein.. 
A. (^lolling of canine lE-5 genomic DNA 
20 In order to cliaracleri/e the structure ot" the canine IL-5 gene, a DNA fragment was 

isokiicd Iroiii dog genomic DNA ((Monlech. Palo Alio. by PGR using primers DE8. 
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described in Cxainple 1. The PCR product was isolated, subcloned into the pCR2.1 
plasmid using TA cloning kit (Invitrogen, Carlsbad, CA). and sequenced. Automated 
cycle sequencing of DNA samples was performed usmg an ABl PRISM '"^^ Model 377 
and reaction kit from PC Applied Biosystems (Foster City, CA). Sequence analysis was 
performed with DNASIS (Hitachi. San Bruno. CA) using default alignment settings. 

A l65S-bp fragment. nCalL-^,^,,^, was isolated from canine genomic DNA and 
sequenced. The coding strand of the genomic sequence is designated herein as SEQ ID 
NO: IS. The noncoding strand is designated herein as SEQ ID NO: 19. Alignment of 
genomic DNA reveals three introns of 203 bp, S69 bp, and I 18 bp, respectively, in the 
coding region of canine IL-5, This gene structure is similar to thai of the previously 
characterized human and mouse IL~5 genes (Campbell, H.D., el ah, ( 1987) Proc. Natl. 
Acad. Sci.,USA 84:6629-6633: Tanabe. T.. et al (1987)., J. Biol. Chem. 262:16580- 
16584: Campbell, H.D., et al, ( 1988). Eur. J. Biochem). Furthermore, the three introns 
are located at the same relative sites, and the sequences surrounding the cxon-inlron 
junctions are similar among IL-5 genes of the dog, human and mouse. Such conservation 
also suggests that the expression of canine IL-5 genes is likely subject to regulation 
similar lo the well-studied expression of mouse and human IL-5 genes. ( Karlen. S., et al. 
( h)^)X). Int. Rc\. Immunol. 16:227-247). 

B. Detection of canine IL-5 mRNA expression by R'r-P(;R 
(\)upled rexeise trancriptase -polymerase chain reaction (Rl^-PCR) was carried 
oui lo ilciecl the expression of canine //.-.^ transcripts in cells t rom Ivmph nodes and 
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DF8 and DB8. As a control, PCR was also performed on the "house-keeping" gene HPRF 
using primers 3F, 5TCAAGGGAGGCTATAAATTC3\ denoted herein as SEQ ID 
NO: 16, and 8R, 5TTATAGTCAAGGGCATATCC3\ denoted herein as SEQ ID NO: 17. 
Amplification of cDNA samples diluted at 1:10 (for IL-5) or 1 :50 (for HPRI) and 
5 genomic DNA (Clontech) was performed in a 30 |ul reaction. PCR conditions were as 

follows: One initial denaturation step at 95 C for 3 min; then 38 cycles (for /L-5) or 35 
cycles (for HPRT) at 94 C for 45 sec, 60 C (for IL-5) or 63 X (for HPR7 ) for 45 sec, 
and 72 'C for 1 min ;ind 45 sec: <ind a final extension at 72 "C for 8 niin. Half of the PCR 
product was analyzed by agarose gel electrophoresis in the presence of ethidium bromide. 
10 Pfu DNA polymerase (2,5U/100 jal reaction )(Stratagene, La Jolla, CA) was used in the 

RT-PCR. 

A 468-bp band was predominantly amplified by RT-PCR using primers DF8 and 
DB8. Sometimes a larger band of approximately 671 -bp was also seen, usmg the same 
primers. DNA sequencing indicated that this larger band was derived from transcripts 
15 that contained unspliced intron I . This incompletely spliced transcript is designated SEQ 

ID NO: 21. When genomic DNA was used in the PCR, the 1658-bp band characterized 
above was amplified. 

C. TF- 1 cell i^roliferatioii assa\ 

The protein produced according lo Example 1 B was assayed for biological 
20 activity. The N-termmal amino acid sequence ( FAVENPMNREVAETE) (SEQ ID 

NO:2()) confirmed the identitx of this prv^teni as recomhiiiaiit do^ IF-5. The picdicted 
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A luiiiian erythrolcLikacniia clMI line, TF- 1 (Kitamura, W, ct al, ( 1989). J. Cell. 
I^hysiol. 140:323-334), {R&D Systems, Minneapolis, MN), was niainlauied in RPMI- 
1640 media supplenienled w ith 2 niM L-glutaniine, 5 jug/nil geiitamicin . 5Vf FBS and 2 
iiLi/nil recombinant human CjM-C\SF ( iiuiGM-C\SF, R&D Systems) called ^Fissue Culture 
Media --'FF-l (TCM-TF-I). Cells were grown in 59f CO. at 37 C 

Pi ior to cell proliteration assays. TF-1 cells were washed extensively to remove 
rhuGM-CSF. and then plated at 1 X 10^ cells per well in 96-well flat bottom plates. 
Supernatanls from either P. pastoris X-33 or the recombinant P. pastoris containinu the 
canine IL-5 gene were dialyzed overnight (using 10,000 MW cut-off membranes) al 4''C 
against phosphate buffered saline, diluted to the appropriate concentration m TCM-TF-1 
without rhuGM-CSF, and filter sterilized. Cells and supernatants were incubated for 48 
hours in 57r CO. at 37 i\ pulsed with 1 ^Ci/well tritiated thymidine fICN 
Pharmaceuticals, h'vine, CA). and incubated for an additional 18 hours. Contents of the 
wells weie harvested onto glass fiber filters and counted in a Wallac Trilux 1450 
scintillation counter (Wallac Inc., Gailiiersburg, MD). 

The TF-1 cells respond in a dose-dependent fashion to the P. pastoris expressed 
canme lL-5. In contrast. supernalaiUs from the induced f\ pastoris X-33, Iransloi-med 
u iih the empt\ \ector. lailed lo simuilate 11-- 1 cell prolileralion. The bioassay is 
extremely sensitixe: based on expermients with recombinant human IL-3. as little as 150 
pg/ml can stimulate FI^-l proliferatit)n. Using human lL-5 as the standard, and assuming 
that the IL-5 works ec]ui\ alentlx across species, it is estimated thai the P pastoris IF-5 
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While varuuis LMnbocliinciils o\ the present iinentioii have been deseiibed in 
detail, it is apparent that modifieations and adaptations of those embodinients will oceui 
to those skilled in the art. It is to be expressly understood, however, that sueh 
niodifieations and adaptations are within the scope of the present invention, as sel forth in 
the followinii claims. 



